Abstract. The Amazon region of Iquitos, Peru is hypoendemic for Plasmodium vivax and P. falciparum. There is limited information regarding the epidemiology of malaria during pregnancy in this region. Passive surveillance for clinical malaria among pregnant women was conducted in eight health posts in 2004 and 2005. Community-based active surveillance was conducted to determine the incidence of malarial infection among pregnant women in the community of Zungarococha in 2004 and 2005. Passive surveillance demonstrated that pregnant women had a prevalence of clinical malaria of 7.5% in 2004 and 6.6% in 2005 compared with 20.6% and 22.4% of the total population. Active surveillance showed that pregnant women were 2.3 (95% confidence interval ‫ס‬ 1.32-3.95, P ‫ס‬ 0.004) times more likely to have a P. falciparum infection compared with non-pregnant women. This study demonstrated that because of detection bias, passive surveillance underestimates the burden of malarial infection during pregnancy, and that subclinical malarial infections may occur frequently among pregnant women in this region. Furthermore, pregnant women in this lowtransmission and P. vivax-dominant setting, experience an increased risk for P. falciparum infection, but not P. vivax infection.
INTRODUCTION
Each year more than 24 million women become pregnant in malaria-endemic regions and are at increased risk of malaria infection and its severe maternal and fetal complications. [1] [2] [3] [4] [5] [6] Malaria infection during pregnancy can lead to several adverse pregnancy outcomes including low birth weight, intrauterine growth retardation, and maternal anemia. Pregnant women with relatively low levels of previously acquired immunity are particularly at high risk of the most severe complications of malaria during pregnancy, such as cerebral malaria, severe malaria anemia, abortions, stillbirths, and maternal and infant mortality. 3, 7 Underlying mechanisms of the increased susceptibility of pregnant women are still not well understood, but appear to be related to an assortment of epidemiologic, parasitologic, and immunologic factors. 1, 2 The level of endemicity of malaria transmission, the level of immunity acquired prior to pregnancy, and gravidity are some of the primary factors that contribute to the epidemiology of malaria during pregnancy in various regions.
Most previous studies investigating the epidemiology and impact of malaria during pregnancy have been conducted in regions with high endemicity for malaria where Plasmodium falciparum is the major infecting species. Those studies have shown that pregnant women are 4-12 times more likely to be parasitemic compared with other adults. 8 Few studies have investigated P. vivax infection during pregnancy, but those that have also demonstrated an increased susceptibility to malaria and complications among pregnant women. [9] [10] [11] [12] [13] However, the epidemiology of P. falciparum malaria during pregnancy in regions of low malaria endemicity, and malaria caused by P. vivax infections remains unclear and requires further description to develop effective preventive and control strategies for pregnant women. The Amazon region of Iquitos, Peru provides such an opportunity.
The Amazon region of Peru, known as the Department of Loreto, has experienced a re-emergence of malaria caused by P. vivax and P. falciparum during the last 15 years, reaching epidemic levels between 1995 and 1998. [14] [15] [16] Malaria incidence has since remained low with P. falciparum and P. vivax annual infection incidence varying between 5 and 50 cases/1,000 persons. 17 Most reported cases occurred in villages and communities surrounding the city of Iquitos. A recent active surveillance study in Zungarococha consisting of five villages showed a high prevalence of asymptomatic P. vivax and P. falciparum infections. 17 In Zungarococha in 2003 and 2004, the annual active case detection point prevalence was 31% for P. vivax and 11% for P. falciparum. 17 Little information is currently available on the epidemiology and impact of malaria during pregnancy in this region, which makes it difficult to develop effective preventive and control strategies specific for pregnant women. Therefore, a retrospective analysis of 2004 and 2005 health post data from the Peruvian Ministry of Health was conducted to provide a preliminary description of the prevalence of clinical malaria in pregnant women and the risk factors associated with clinical malaria. Additionally, active follow-up data from a cohort study conducted in the community of Zungarococha was analyzed to assess the incidence of infection in pregnant women compared with their non-pregnant counterparts. The goals of the current study were 1) to determine the prevalence of clinical malaria in pregnant women compared with that in the total population detected at eight health posts that serve malaria-endemic areas; 2) to determine the incidence of malaria infection in pregnant women compared with that in nonpregnant women and men 14-45 years of age who were enrolled in a community-based active follow-up study in Zungarococha; and 3) to assess the risk factors associated with malarial infection in pregnant women who were identified in Zungarococha.
MATERIALS AND METHODS
Prevalence of clinical malaria at eight health posts. The Peruvian Ministry of Health has numerous health posts and centers of health that serve the populations living in small villages and communities throughout Loreto. A retrospective analysis of passive case detection data from health posts was conducted to assess the prevalence of malaria in pregnant women and the total population. This study was limited to data from 8 health posts that serve at least 12 communities located near the city of Iquitos in regions known to be endemic for malaria. Patients entering the health posts with symptoms of malaria, including fever, headache, and malaise are routinely tested by microscopic examination for malarial parasites. Therefore, this analysis considered cases of symptomatic clinical malaria because they were patients who were tested and diagnosed for malaria based on the presence of symptoms. Microscopy is conducted on blood smears stained with Giemsa using a standard procedure using 1,000× magnification to read the thick smear. All microscopists in the health centers are employed and trained by Ministry of Health and at least 20% of all blood slides undergo a second quality control reading by the Ministry of Health reference laboratory.
In accordance to Peruvian National Drug Policy, a diagnosis of P. vivax malaria in pregnant women resulted in treatment with chloroquine (and primaquine after delivery). A diagnosis of uncomplicated P. falciparum malaria in pregnant women resulted in treatment with oral quinine and clindamycin, and a diagnosis for complicated malaria resulted in an initial dose of intravenous quinine (10 mg/kg over a four-hour period and diluted in 500 mL of 10% glucose) followed by oral quinine and clindamycin. There is currently no national policy on chemoprophylaxis for pregnant women because malaria during pregnancy has not yet been extensively investigated in this region.
Malaria cases diagnosed between January and December 2004 and between January and August 2005 were included in this retrospective analysis. The prevalence of clinical malaria in the total population was calculated as the number of malaria cases diagnosed in the health post during this time period divided by the total population of the communities that the individual health post serves. The prevalence of clinical malaria in pregnant women was calculated as the number of pregnant women diagnosed with malaria in the health post divided by the total number of pregnant women in the communities during this time period. Pregnancy was determined based on self-report as well as the records of women going to health post for prenatal visits. Prevalence ratios and 95% confidence intervals (CIs) were calculated to compare the prevalence of clinical malaria in pregnant women to that in the total population as detected by passive case surveillance.
Cumulative incidence of malaria infection in the Zungarococha-based study. A subsequent analysis was conducted in Zungarococha using data from a prospective communitybased active follow-up study to compare the incidence of malarial infection (asymptomatic and symptomatic) in pregnant women and their non-pregnant counterparts of the same age group. In this prospective study, households were enrolled in Zungarococha and followed for at least a four-week period during the peak transmission season of January to August in 2004 and 2005. 17 Each week a blood smear was taken and examined, and patients were asked if they experienced any symptoms in the previous week. Microscopic examination of blood smears was also conducted as described above. Women of fertile age (14-45 years) were asked if they were pregnant upon enrollment. However, no effort was made to particularly enroll pregnant women or households with pregnant women. For this analysis, a case was defined as someone who experienced a symptomatic or asymptomatic infection at any time during the four-week follow-up period. Those with a positive smear more than once during this period were counted as only one case because of issues of recrudescence and relapse. This analysis was limited to non-pregnant women and men 14-45 years of age and pregnant women to ensure the comparability of the groups. The incidence of infection in pregnant women was calculated as total number of cases in pregnant women divided by total number of pregnant women enrolled in the study. The incidence of infection was similarly computed in non-pregnant women and men 14-45 years of age. Risk ratios (RRs) and 95% CIs were computed to estimate the risk of malaria infection in pregnant women compared with that in non-pregnant women of fertile age as detected by active surveillance.
Risk factors associated with malaria infection in pregnant women at the Zungarococha health post. A risk factor analysis was conducted on pregnant women detected by both the passive surveillance data from the Zungarococha health post and the active community follow-up study. Information on age, gravidity, reported number of previous malarial infections, and gestational age at time of entrance into the health post or enrollment in the community-based study was available for 75 (86.2%) of 87 pregnant women identified in 2004 and all 48 (100%) pregnant women in 2005 for a total of 123 pregnant women. The above mentioned risk factors were compared between Plasmodium-infected and -uninfected pregnant women.
Statistical methods. Prevalence, incidence, prevalence ratio, and RR were calculated as described above. Univariate analysis was conducted to calculate the median age, gravidity, and number of previous malarial infections among pregnant women at the Zungarococha health post. A Wilcoxon rank sum test was conducted to determine if there was an association between the risk factors and diagnosis of malaria during pregnancy. Analysis was conducted in SAS version 9.1 (SAS Inc., Cary, NC).
RESULTS

Prevalence of clinical malaria at eight health posts.
The eight health posts included in the study were those located in the following communities: Manacamire, Padrecocha, Paujil, Quistococha, Santa Clara, Santo Tomas, Varillal, and Zungarococha. The total population served by these health posts in 2004 was 27,571, of which 6,407 (23.2%) were women of fertile age (14-45 years), and 1,463 (5.3%) were pregnant (Table  1) . Between January and August 2005, the total population served by these health posts was 29,661, of which 4,829 (16.3%) were women 14-45 years of age and 1,648 (5.6%) were pregnant women. Although it is difficult to determine whether the cases diagnosed in the health posts are caused by new infections, the computed prevalence is assumed to be a valid estimate of symptomatic infections because this is a region of low transmission of malaria and the population was aware of and used the free diagnosis and treatment available at the Ministry of Health community health posts.
During 2004, 5,005 cases of malaria caused by P. vivax and P. falciparum infection were diagnosed in the eight health posts, giving an overall prevalence of approximately 18.2%. Approximately 93% of the malaria cases were caused by P. vivax, which is consistent with the fact that P. vivax is the dominant infecting species in this region. 17 The health post records for malaria detection could only be evaluated by comparing the malaria cases in pregnant women versus the malaria cases in the total population; i.e., malaria cases in the total population were not further classified by sex or age group. Among the 1,463 pregnant women, 118 (8.1%) were diagnosed with malaria in 2004. Similarly, the prevalence of clinical malaria between January and August 2005 was 22.4% in the total population and 6.6% in pregnant women. Tables 2 and 3 show the number and prevalence with 95% CIs of malaria in each community for the total population and for pregnant women. The prevalence was computed using cases caused by both species because the number caused by P. falciparum was low. The prevalence of clinical malaria in the total population was highly variable by community for both 2004 (range ‫ס‬ 12.7-44.9%) and 2005 (range ‫ס‬ 9.9-35.6%) ( Tables 2 and 3 Cumulative incidence of malarial infection in Zungarococha-based active follow-up study. In Zungarococha, we are conducting an ongoing malaria study that enabled us to determine the number of malaria infections occurring in pregnant women and non-pregnant women and men of the same age group (14-45 years) in individuals followed-up by both passive case detection and active case detection. Either be- Table  4 shows the number of those infected with P. vivax or P. falciparum during the study period. The incidence of any malarial infection in pregnant women was 43.1% (22 of 51) compared with 31.6% (190 of 601) in non-pregnant women, and 38.2% (252 of 659) in men 14-45 years of age. Table 4 shows the RRs for any infection, P. vivax infection, and P. falciparum infection. Pregnant women were not more likely to have a P. vivax infection compared with non-pregnant women and men. In contrast, pregnant women were significantly more likely to have a P. falciparum infection compared with non-pregnant women (RR ‫ס‬ 2.3, 95% CI ‫ס‬ 1.32-3.95) and men of the same age group (RR ‫ס‬ 1.7, 95% CI ‫ס‬ 1.00-2.90) ( Table 4) . Risk factors associated with malaria in pregnant women in Zungarococha. In addition to the 51 pregnant women enrolled in the community-based active follow-up study, there were 84 women who were pregnant at sometime during 2004 and 2005 who were not enrolled in active case detection during their pregnancy. Of these 84 additional pregnant women, only 61 had risk factor data available. The occurrence of malaria infection in these mothers was considered whether the infections were detected by passive case detection at the health post or by active case detection in the community. Among the 123 pregnant women with risk factor data available, there were 38 malarial infections (30.8%) in 34 women: 20 P. vivax infections and 18 P. falciparum infections. Each infection was counted individually in the analysis because they occurred at different times during pregnancy. Most infections were detected in women by active case detection: 22 infections in the 51 women with one month of active case detection during their pregnancy versus 16 passive case detections in 61 pregnant women without active case detection.
Infected pregnant women in Zungarococha were older, with a median age 24 years compared with uninfected who had a median age of 21 years (P ‫ס‬ 0.089). This unexpected trend of older women having malaria was mostly attributable to P. vivax-infected women (P ‫ס‬ 0.067) ( Table 5) . Although gravidity was not significantly associated with either P. vivax or P. falciparum infection, most of those infected were primigravid, and lack of significance may have been due to inadequate power (Table 5 ). Approximately 90% of both infected and non-infected women reported at least one previous P. vivax infection. In contrast, infected cases were 2.5 times (95% CI ‫ס‬ 1.1-5.7, P ‫ס‬ 0.03) more likely to have reported a previous P. falciparum infection compared with uninfected cases. A high proportion of all pregnant women reporting at least one previous P. vivax infection was expected because of the higher prevalence and increased geographic range of P. vivax in Iquitos. In contrast, P. falciparum prevalence is more focused in regions of higher overall malaria transmission. Therefore, increased history of P. falciparum infection in the malaria-infected pregnant women might be reflecting these mothers living or traveling to regions with greater malaria transmission. The median gestational age at time of diagnosis of malarial infection was 23.5 weeks (Table 5 ).
DISCUSSION
The epidemiology of malaria during pregnancy has been well described in many regions with high endemicity, particularly in sub-Saharan Africa where P. falciparum is the primary infecting species. [1] [2] [3] [4] [5] 8 However, little is known about the epidemiology and impact of malaria during pregnancy in regions of low endemicity and regions where malaria is caused by both P. vivax and P. falciparum. The results of this study provide a preliminary description of the epidemiology of malaria in pregnant women living in the Amazon region of Iquitos, Peru. Analysis of the Ministry of Health passive surveillance data from the eight health posts demonstrated that pregnant women had a lower prevalence of clinical malaria compared with the rest of the population. This is in contrast to the results of most previous studies conducted in a variety of transmission settings, which have all shown an increased susceptibility of pregnant women to malaria infection and disease complications. 1, 18, 19 This apparent decreased prevalence or risk of clinical malaria in pregnant women versus the total population observed in the health post passive case detection data may have arisen owing to several reasons including 1) surveillance/detection bias, 2) placental sequestration, and 3) occurrence of asymptomatic infections during pregnancy.
First, a surveillance and detection bias may be occurring at the health posts. The usual policy is that all individuals entering the health post with a fever are tested by microscopy for malaria. However, the health care worker may attribute a fever in pregnant women to urinary and genital infections common in pregnancy 20 and, therefore, check first for these infections and then, if the results are positive, not check for malaria.
Second, pregnant women may have symptoms, but a peripheral blood smear is negative by microscopic examination because parasites are sequestering/accumulating in the placenta. Several studies have shown that a placental infection is common in the absence of a peripheral infection that is detectable by microscopy. 7, [21] [22] [23] [24] [25] If placental sequestration was occurring more frequently in infected pregnant women in comparison to general sequestration in non-pregnant women, the lower prevalence of malaria in pregnant women versus the total population would be expected.
Third, the decreased prevalence of clinical malaria among pregnant women may have been observed because pregnant may have asymptomatic infections. Asymptomatic malaria in Zungarococha has been detected in a previous study. 17 Although the previous study did not investigate pregnant women specifically, it is possible that pregnant women as well as the total population in general experience asymptomatic malarial infections that would not be identified by passive case detection. Furthermore, the passive case detection data for the eight health posts only distinguishes between nonpregnant and pregnant women; therefore, the comparison group or total population consists of a mixed population of men, women, and children of all ages with various risks for clinical malaria. In particular, the total population group included those at the highest risk for clinical malaria, such as men with outdoor occupations and children. If most clinical malaria cases in the total population group occurred in those in the highest risk groups, as would be expected, the prevalence of the total population may be inflated, which would bias the results. A more accurate comparison group for pregnant women would be non-pregnant women and men of the same age group (14-45 years). For these reasons, analysis of the community-based data from Zungarococha was undertaken to identify both symptomatic and asymptomatic malarial infections and directly assess and compare the number of infections between pregnant women and non-pregnant women or men of the same age group.
Analysis of the community-based data from Zungarococha found that pregnant women were significantly more likely to be infected with P. falciparum compared with non-pregnant women of the same age group (Table 4) . Although pregnant women did not demonstrate an increased risk to P. vivax infection compared with non-pregnant women, the measured incidence was approximately 20%, which is significantly higher than the prevalence measured in the passive surveillance health post data (6.0-7.5%). This is in concordance with a study conducted in the Brazilian Amazon, which found an increased P. falciparum to P. vivax infection ratio among pregnant women compared with non-pregnant women (1:2.3 versus 1:5.6). 26 Thus, it is possible that the increased susceptibility of malaria during pregnancy may be due to P. falciparum infection.
The risk factor analysis of the pregnant women living in Zungarococha demonstrated that pregnant women with malarial infection tend to be older and of increased gravidity compared with uninfected pregnant women. This contradicts previous studies from malaria-endemic regions that have shown that development of resistance to clinical malaria in pregnant women is dependent on age and gravidity. This may be attributable to the fact that older women, and thus women of higher gravidity, are more likely to participate in outdoor activities such as fishing and agricultural activities that place them at increased risk for infection. Infected pregnant women, particularly P. falciparum-infected women, were significantly more likely to have reported a previous P. falciparum infection compared with non-infected women, which suggests that a sub-group of pregnant women were more involved in activities that put them at increased risk of P. falciparum infection.
Finding asymptomatic malaria infections in pregnant women is a particular public health concern. The communitybased study showed that pregnant women in this region have an increased frequency of both P. vivax and P. falciparum infection compared with that measured and diagnosed in health posts, which indicated that subclinical asymptomatic infections may occur frequently in pregnant women. The increased risk to P. falciparum infection, even if asymptomatic, has important implications for the health of pregnant women and her fetus. A P. falciparum infection is known to often cause more severe disease manifestations than P. vivax, including cerebral malaria, severe malaria anemia, and hypoglycemia. Additionally, P. falciparum-infected red blood cells are known to accumulate in the placenta and bind to chondroitin sulfate A and hyaluronic acid expressed on the surface of placental cells, which can result in decreased efficiency of materno-fetal transfer of oxygen and nutrients affecting the growth and development of the fetus. [27] [28] [29] An asymptomatic infection in pregnant women can have more severe consequences than in non-pregnant women because it may go undetected and continue to have serious impact on both maternal and infant health that include severe anemia, intrauterine growth retardation, and low birth weight.
This study provides the first description of the epidemiology of malaria in pregnant women living in the Amazon region of Iquitos, Peru. The retrospective analysis of data from eight health posts showed that pregnant women had a lower prevalence of clinical malaria compared with the total population. However, this surprising finding is most likely a result of detection and surveillance bias. Results from the community-based study in Zungarococha showed that pregnant women may have a high frequency of subclinical malarial infections, and are more likely to be infected with P. falciparum compared with her non-pregnant male and female counterparts.
This study showed that malaria during pregnancy is a serious public health problem in and around Iquitos. Public health workers should be encouraged to test pregnant women coming to the health post for malaria, even if they are first diagnosed with other pregnancy-associated illnesses. The results of this study justify a detailed investigation of pregnant women at the time of delivery to assess adverse pregnancy outcomes such as maternal anemia and infant low birth weight associated with symptomatic and asymptomatic malarial infection.
